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mm*: mmm 

mm®&m] n i - c r Ris&mjsm 

[»*3C1] 3 2-4 4fi%©Cr^2. 3-6. OMM%<DAl 

[»^2] mmojsmKia^x. mmcrcD-m^zr, Hf 

, V, Ta, Mo, W, Nbfrbmn%ft&'Pte<}i%im<D7XimT*WM'tZ>£ 
_hSSZr, Hf, V, N b <Z>£tHKIfcfttf 1 %**J«TT?* U, T a CD 
tt&fttf 2 %ItgTt^ U , Mo, WO-^tHMfttf 1 0 %IMTt'S5 £ 

r, Hf, Ta, Mo, W, N b (07»4&&*ft**t<D7»©«ill*i: 

(CSS: (Zr+Hf+V + Nb) XlO+TaX5+ (Mo+W) l?it£*l£_h 

1. 2®S%J^T©T it'Sibfeit^tiltSm 

i -C r 5R^^«ft3ttJS«**iIl7C*^ UT : 

C£0. 1*S£%J«T, 

MniO. 0 5Jt*%J£TF, 

P&O. 0 0 5**%J«T, 

O £ 0 . 0 0 5 MS%^T. 

S & 0 . 0 0 3 St*%J^T, 

CulO. 0 2 ^4%J£*T> 

Si&O. 0 5jf4%j£*T 
MTU 
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R-D, P, O&&XfS(D'&tfi$mMtfi0. 0 1gt%«TT'feU, Mn, Cu 

£<fctfs i©^rff#^i^o. o 5 II%«tt^s 3 ii t tsm 

i -Cr^i^$S«{J!fIttrtit Ut : 
Mg£0. 0 2 5H%OT> 
CalO. 0 2 Sf 4%J£*T, 
B £ 0 . 0 3 ©*%&T, 
Y£-£tf#±^7fci!£0. 0 2II%J^T 

Mg, Ca£J:tfB(Z>^fff~£;&*#0. 0 3H%£JIT OIBU Mg, 
C afei^BCD-a-ff^S^o. 0 1 5«*%JK±^»s«-^tt, p, 
S ©Wfr**^ 0 . 0 0 3 Se*%Jg*T*e& Mn, CuSitfSi o-^tt# 

i-Cr^M C r V y afBi:. N i U rtt, N 

i 3 Ai L~?z&mmt&mffiT*$>z> r* *ii:cD3^^?s^rbfe^ 

i - C r^O^lglfii^ 1 mmfitTT'feSr t 
[0 0 0 1] 

*»wj*N i -c r^-^»^«jtc«y, mcMJimzmnmikJimtjzmiz. 

SdfctfnrtBfcN i -C rJft^WaJfcjcW?-*. 
[0 0 0 2] 
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[0 0 0 3] 

jury** hmmmzmmmnmtmzmmKftmffimz^zzzKZvT. » 

[0 0 0 4] 

±fH2J^(Z>#/&M£bT, #U.Htf$W¥l 0- 1 2 7 9 5 7#£t#{C&, 
*<7)C, Si, Mix, P, S, Ni, Cr, Mo, N^f U ^SPF e <3DM^ 
£:#U ^otfy^j-x^ (Hv) #4 5 OJ£U:0D;*— X-5^>f S^r>l/ 

[0 0 0 5] 

«cliDibi:t«Fei^#ffSij«#i:bTttMLfet>f7SfiIi:i:»j, 

[0 0 0 6] 

fr&fll!XS5i3*lS. r CD i e. ^ F e l^W?: t $fc"ftt««ai! 
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<- 

[0 0 0 7] 
[0 0 0 8] 

±mmAfrmmizmnz £izm-&zt>\ mmmxi$7 o o~9 o o*c, 
uxmxit9 5 0-no o°cnmx&v. mmummiz* o~5 o°cx$>z> 0 

[0 0 0 9] 
[0 0 10] 

t z. 5 t^±mmxthmmm s n t^mmu 4 < & o t v\ § & 

icj: 0 TM5&s^ — isjc^ii-eiii 6 0 — 23 o °cnm<Dum%&mx\ 
^yu^mxai o o-i 5 ox>nm<z>&ummmxmmvikft?ziiizj:v 

[0011] 
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[0 0 12] 

wn* , sj^t? wtt) waf«a, istitt c 

mm * OlMHStt&ffc BtlMliAii3«U& Mt«&3£»B4k 

[0 0 13] 

t-&*>*>, ^ ^jeb* - # - sc £ o T^Mi: hx<Dmttv>m&£k±K.±j y 
&znm%knx hi&m±<Dmm*7T9*-x~2b2> 0 *W7©a-u , -{c 

±47* &&wmmj3®^mfti&m±47Xizm.Mx<Dffl®.tfmmx%>*). &m 
m±47x izmma>ttM<D l &c < $ y , Mat*-? \tmm v^^t 

[0 0 14] 

^fcttmzmmhxyzm&mmtsti, *>mm*&m&<ztix^& 
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[0 0 15] 

* &, jita© <fc e> ic ^ & j: mj*u* t^t> & u & > * 

[0 0 16] 
[0 0 17] 

»»5^#^bfey, B5Sfffl^^cD«i:^K:«yagbTin««iifUfeyt«^, flu 

[0018] 
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[0 0 19] 

mm &m&-t z r=. & o^m 
t-f7^u ^©^iMA^ti; bt©f tt*, *j#i=>, is^ffi, inxtt 

#^MS:tt§Cr-A 1 -N i ^©-^^;bS^S:^#f#^^^ bT-^M 

T 3 #l % CD & £ „ 
[0 0 2 0] 

*^fCiS^Ji({t 3 2~4 4fi%©Crt2. 3 — 6. 0M 

*%©A 1 ^BiPN i S^H«tF«(i»7nli: fe^tSM^^b, n 
[0 0 2 1] 

*fe±IB^#lCSV>T, mmc r(D— BZZ r, Hf, V, Ta, Mo, W, 
Nb^P>^$^S^^<i:%ia©7tmT*igmi--g>^i:%{c, JiffEZr, Hf 
, V, N b <D&ftm.M&tf 1 %MASATT*& »J, Ta 2 %«4JS*TT? 

Mo, W®-&tHHfcfttfl 0%^l«TT^SitAWt 
[0 0 2 2] 

$e>tC±|3^%{C^V>T. ttflHCr©-i|$$:«^f r, Hf, Ta, Mo 
, W, N b(D7x:m2t$: : £th?tl<D7Gm<DMMAil ht=.m^\zm^ (Zr+Hf + 
V + Nb) X10+TaX5+ (Mp+W) T^3tlS±SH^m©7cm©^tfg 
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[0 0 2 3] 

*fe.hflB3J#HC;J3V>T* IfrlBAKD-as&l. 2 ®*%J^T<Z> T i T-ggl^S 
££2>W£bV> 0 $£>fCf&fBNi©-g|S£5. 0 ^4%Jt^T® F e VMMT^ Z. 

[0 0 2 4] 

$ £>&c±iB3Wc£vAT, ifrfEN i -c r^^^MMt?m*^iti7cmi: 

bT:C£0. 1®*%#T, Mn£0. 0 5 ®*%J£*T, P£0. 0 0 5®* 
%^T> OSrO. 0 0 5li%«T, S£0. 0 0 3Sf%^T, CuH. 0 
2MM°mr, Si&O. 0 5«*%JB<T^b. P, OfcitfSGD-^ff 

lM*#0. OlH%gmy, Mn, CufcJctfS i<Z)^ff^a^0. 

[0 0 2 5] 

*fc_tfE2J%tC&^T. fff|2N i - C r^^^#f^^*^Il7U^t U 
T:Mg£0. 0 2 5fi%«T, CaSO. 0 2fI%«T, B$:0. 03® 
*%£TF. Y^^tf#±^5c^&0. 0 2H%^fU J.o, Mg, Ca 
fe<fc^B©^^4^0. 0 3fi%^T UBU Mg, Ca&ZZtBV&n 
-SmA&O. 0 15li%JK±t^Si^i, P, OfcJctfS^fhlr^ifttfO 
. 0 0 3ft%gn*fey, Mn, CufcJ:tfS i <Z>l^ftl^£S# 0 . 0 3®* 

[0 0 2 6] 

3£>lC_hfB3J#fC;}3^T, f&IBN i -C r^r&j^ Cr'J7fTO§affi 
Ni^yfTOSr^, N i 3 A 1 &S*«fcf5iI^M«T* 

&s r' ^^i:c03^i^^bfem^^e,^s3^^*uv^ o 

[0 0 2 7] 

£ fc-hiaSWc&V^ ftflBN i - C r ^^<D^^g^^^ l mmi^y^ 
[0 0 2 8] 
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[0 0 2 9] 

* fe A 1 tt, C r i tiltilC ^^t^S *C J: o t^III© r ffi & 
^^tSf^ibTCrlai, r *B> r' # (Ni gAlf) <DUM$T 

mm&mfttim&j&f&h, y^m^m^^n^^^t^mzz. 3-6. ott% 

6. 0®*%tf)iSH£$*i,£^ 3-511%©^^ 
[0 0 3 0] 

[0 0 3 1] 

[0 0 3 2] 

m&mizmz'}-^ yw&zfmtmmvfc&^K., wn*, *j^*>> was, no 

Xtt i: v% o fe-jR»«iWffi<z>»<is e. "T, &gf • ^ £ v^ o fettlgfttt Is <fc ©ag 
[0 0 3 3] 
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J 

[0 0 3 4] 

±m<z>nx h±&&m±-t static, ±4 7*©3gft©w»flnxi$K:3&£*r 

%£<Ti:tS^S^S 0 ^{C^Sf ^£^M#f£:LT&C, P, O, S, Cu 
[0 0 3 5] 

CD«Mt^&tI*©#^&ffi|I^5fcaMC, 3 8%C r - 3. 8%A 1 -3»N i 
^^Z^-XIZLT, C, P, O, S, Cu, Si, Mn&Thmn? % IMM*. 

^{g^ L > & LTMmunftL ZitMtmm b £: d 3 , C ^3fiT* fct 0 
. 1-«*%J«T, Mn#W0. 0 5fI%JKT, PfitttO. 0 0 5%I 
»&T. Oif£$n?&0. 0 0 5gi%£(T, SiM^&O. 0 0 3II%«T, 
CuJfMi&T'&O. 0 2fI%£{T, Sifit'ttO. 0 5 £? & Z t. 

ic^y, MJimzm^-t^mii^^miz^mx^sz ni$mw^fra ^si 

«U b < & 0 . 0 0 5 MM%&>± 0.02 %MiJ^T©^&n*lfeaT?iM#0 

ffi*»«*»?itsf^»s. *<Dmm%}m*mmtz>%L!!b. p, o, s©^ 

tte#*tt0. 0 0 5«*%JB*Tfc , rS-3u Mn, Cu, S i CD^tte^Stt 
0. 0 5g4%J^TlCf . 
[0 0 3 6] 



1 °. 
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[0 0 3 7] 

^«^ittSItlt©Mg, Ca, B, ^dtHi^tCoVN 

T^Ml?#So WiStttlt Mg&CC^T&N i -Mg^(C«fc^^^ 
C a&CoV^&;2j;i/$/y (CaO) ;i/yjtf£JB^;fe?^j§? % BjCoVNT»Ni-B 
llh&fC J: £»J, #±^7G^{co & ^ v 5/ =l * % j]y £ & C #> i:t5f±I^ 

[0 0 3 8] 

_h!B^W<Z)a^i:^DS<D^#^ffiS>rsfe4?)^, 3 8 %J|*C r - 3. 
8Mfi%Al-^iI$N i^Sr^-XlCbT, Mg, Ca, B, #±^7^© 3 

it' It 0 . 0 2 5 ie*%JB*T, C a «&T* & 0 . 0 2 H%£(T> B #$ft-£ & 0 
. 0 3fi%J«T, #±^7C^#-^T*tt0. 0 2fi%£{Ti:tS3tiC c l:y, 

[0 0 3 9] 

> mtoimj:&t:n&$mmMMifimm*&m&ifi»& a ^<z>fc#>, Mg, ca, 
b, #±ffl7fiS5a>-^w-^aiio. 0 3MS%^Tict-Si5n^&s 0 f^> rti 
e> ©Tn^ic a & »Minxe<z>gfc#sfr^ttifc*«is, s mmK «t o t % m& § 

[0 0 4 0] 

tfcCrC-^&Zr, Hf, V, Nb, Ta, Mo, WOD 1 «% L < « 25® 
Swil^ttS, -fib, ItTni^Zr, Hf, V, Nbt^Si^tt, fltSI-T 
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[0 0 4 1] 
[0 0 4 2] 

&fc-hfBCDZr, Hf, V, Ta, Mo, W, N b ©ilftfi «fctf33*M$ttfc: 

V^M«(fte. *21T?«r«Cr©-aifc*iJ|«i-sZp, Hf, Ta, Mo, W, 
Nb©jn^$:^tl-?tl©7G^a)eiia^L/fe^iC^ (Z r+Hf+V + N 
b) X10+TaX5+ (Mo+W) ^&Zto&±mmm<07iiX<D&fflm*ifi 

[0 0 4 3] 

tEfcAKD-BP&l. 2**%JBrF©T it-fit SdiliCfcoT, mmMJl 
[0 0 4 4] 
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rfctfWe**. U^b±ia5M%fe«A.*«ilMI4:Lfc»^K:tt, Cri 

rfl, r* ffi(Ni 3 Aii) tomutfmm&MftMM^toimRtoifim 

[0 0 4 5] 
[0 0 4 6] 

*»wtc«*^->f 7*<D39mG>m&#t. vTmmzti&mmt. mM&v* y 

iooo-i3o oTc-conflEfls^afeaiijiiofeift, lir*su:aM»'*** 
U *->f :7#nxM<z>i§M£&s 0 ictlt'iMilo^M^-i&N i s y 

ffij^ffijcj&y, if chv) i*3 o ovxrtte*)^ mffiiMJimtfm*) 

[0 0 4 7] 

$£V^j®&T?|$M;flllX£f?V^ &V>*£ffift5 5 0~8 0 0 °C "CMUBi bT^^gfb 
fiU Cr<0-*&WT?*iJ|bfe^&|6M'r«»^tt, 

5oo~8 5 ov<D^m , vmmm^tmm^n ^rfc#ij*bv*. z.<D^nm^ 

[0 0 4 8] 

y^tsmsutcrias, y r • ffi ( N i 3 a i «) ©wwrn 



1 3 
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[0 0 4 9] 

*;#;jg#£i o o o'ceuii 3 o o'c^-r^m.^nmih^m^ 

*©aflE^&A7frbfe*^K:oV^T»«aiIXS^Ufe||, 5 0 0°CJ^ 

±8 5 orOT<z>MS^B#^s&ee» »*fcDirxtt#jitfre*»l, 

[0 0 5 0] 

So 

[0 0 5 1] 
[0 0 5 2] 

*feJJ%I»5:l 0 0 0°CJ£Lhl 3 0 O-CJKTCDfiai^&A^l/fclROfllS^ 

3 o o^rasitfc »«iiiXtt*««%«F*Lv^j||K:<fcy 

[0 0 5 3] 

It^^im^Xil^lC^oT^^^^^^^^aav^^lc^-rS-T^ 

HUBti:*<ay, s e>^§5tix^sii{c^s^ *^^MtSN i - c 
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o 

[0 0 5 4] 

Jfefe^fft^Sr^-rSfeftJCliStStl-BN i -C r*£^tt®¥&l$£tt& 
ttlmmJKTT?»»J, * fej*»*# b T tt, Mfift^l 0 0 0~1 3 0 OtJ 

-e&y* ^^©SJftfttti o~ 4 ~i o ~ 2 /#©$gBi?&<5o 

[0 0 5 5] 
[0 0 5 6] 

[|§^©ieig©^M] 

[0 0 5 7] 

mmmi 

M^mMm^m^XS 8%Cr -3. 8%A1-Bal. Ni^S^^t 
SNi-Cr^Mm «Btbfc. ^JC#S>*lfe^K:«3iaiIXfeJ:UtffiJE 
jflDXSrjfe^fcK: «fc U, BI1 0 0mmX|2 0 0 OmmXfg 

4. 4mm0*SSUBiHbfc. £<Z>5R*f« 1 &7/l/:2:y#H«K:iM8bfcJt 
a«ttliPlcTI«i 2 0 0TCTJH»ft«(l«3Hfe*Ifib&ll, tfr«t»K:S«b8iA 

b tc$m.m & b fe 0 
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[0 0 5 8] 

(i3 0 0mmXi2 0 0 0mmXl§4mm) {C 

1 6 0 mmX 4 Omm^'J, tf^Tf-^j^ 8 OmmX 2 0mm^S»3 & 
IMKLfc. r©^^3©#!§|StC3j?-;vM5:ffiV%Tffi®^M^2 SfJLbfe. £ 
e>fc, fifths ©^3fe«US:^h^>f >4f-lCT«l«WT®^K:iDXb, 55?» 

^® & h >f > #- H U v 5/ * - &CTSi®## e> ft 3 £ T»mmti:±ff & 

r;i/^>#H^Tt'ias7 o o"cict2^©^^s%iimu, sissesm 

S150 "C#^S T*#£P£ft5 «fc o -mffifrttTA r ^xftw htcmz 
[o o 5 9 ] 

37%m#4 tt_tsa^^aic <j; y , ^®^®{cm^* y cfctf, tK y * 

2/ -V - JCTffcJitfflFIg ££££ o Tiaf*£ttBft*tt P> ft, *gg<g 
38«l«V^7J#aJ5««#6,ftfe 0 
[0 0 6 0] 

31©7J#aS5K:«!6S:Biy^fetfe, ©2 (B) lcjg*T J: o IZ*4 b -y 

7 ©^Mapoassajjtufefczis, uyvvsijvcmm (h rc ) x59x& 

o 7c. „ 

[0 0 6 1] 

(EPMA) K£Vm&Vtzk.Z.&* -£ft-i?ftS i fc£0. 0 1gl% MgiiO 
. 0 13®*%, MnteO. 01Ii%, CattO. 0 0 5®*%, C&0. 0 
3®4%, O«0. 0 0 2H%t'feofc a 
[0 0 6 2] 

hxmmhfemmM i izfrfr&>vm£Lx<D±j y 7 (smi*© 
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mm) zwmtz&toiz, mz (a) cb) iz^^o^n-^wmummm 

[0 0 6 3] 

■ebT±«n-^«Wf|OW6*i o Ml, SfiiHtltojfcs i o 
br», ^2 (b) tc^-rj;e>ic, ^-r^7ic2 k g ©^s&mfl&bfc^-e, 

[0 0 6 4] 

© 3 Km-tMigkfr e> W e, frfc £ e> IC; UBS jc n - * TiClSt-f7 7«D 

&frb&z>mmm nz&&j3mT*iz, i 075m<DwmwifEmz&^T*>u-7°ty 

[0 0 6 5] 

wm<oi 4 c r-4MoRxT>uxm*m^TmMMiizmz-j-jy£:m- 



1 7 
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&Z\£iZ£V^ ^iWl6 0mmX4 0mmT'$tJ, l!SW8 0mmX 

2 0mmt^s«3 *mmLfc 0 zwm&faz nmmiztf- j\,m*m ^Xffi 

^M^^lCiUXb, OT^o^S^O. 5mmt^5^#4 fcHglfLfc,, 
[0 0 6 6] 

xw0b, mm^mt.Lr=. 0 m^Mvanr^ x-iJixh-yitm^xTomz 

[0 0 6 7] 

3j*n*<z>#*M£) sifttsfeftic, naiMi nmmKm2 (a) (b) jc^-r 

±^j:n-^W^|f i o»u W»i4i:lt©i:§ l Ommo 
«n-:/fci:Sa^-f 7®UMft<DJ3$tiZftmLXqsm&>m*:mMLfc 0 « 

. ^^^vx(Dmu-^m^izwm^n^t.x(oi-^'7(D7i<i^mx<Dm 
MmmijzmvMhxwMisfc. m4izmmmmwi<Dm&z.*)W-&x, &mm 

[0 0 6 8] 
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J3®Z.&mLTUv#V3:JUCmm (H RC ) &6 2 fc^fcVvMTC&ofctf, 
[0 0 6 9] 

[0 0 7 0] 

>^-^*^W®K^X^S©tSbfe«f||Wm^rattiafi«l CDC r-Ni^ 
&m<b±4 -7 MtmisT. 8MW 1014Cr-4Mo &X<r> l/*IB§g-*->f 7 

[0 0 7 1] 
H3feffil2~3 J: Jfc<g#f 2 — 3 " 
K^#«S&m\T«J*#3 1~4 5%Cr-3. 8%A1-Bal. Ni^ 
&*®B, i:H*K:UTlBa,. ffiK, BttftiAl, MA*i 

. war, i^*fcffl.as:iij6bT^<ft*M&**i-6*iwj8L, s&jchjhwi^h 

[0 0 7 2] 

Cp*«KlJ:y««sy, 31%Cr (jt^2) T»H RC 3 9 y, 33 
%Cr (3W«2) T?ttH RC 5 3*y, 38%Cr 0W« 1 ) >I*H RC 8 
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43%Cr (Ht«3) tiiH RC 5 5$>y, 45%Cr 
T^H RC 4 3t'feofc. 
[0 0 7 3] 

[0 0 7 4] 

t-f7^#&nt^S-^ Cr^ijS?3 2 % J: y 4>&V>#-&&£ v^*4 4 % 
[0 0 7 5] 

ffiVHtffi^3 8%Cr-2. 1 — 6. 3%A1-Bal. Nit^S^&f 
[0 0 7 6] 

Al*«lC«fcy#Sfcy, 2. 2II%A1 (Jt««4) T?ttH RC 4 8T?»y 
» 2. 4%AlT!ttH RC 5 57f»»;, 3. 8%A1 1 ) T'ttH R c 6 

3T?&y, 5. 3%AlTfttH RC 60^*y, 6. 3%A1 (JfclfrW 5 ) T? » 
H Rc 4 9T'feofc, 
[0 0 7 7] 



2 0 
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[0 0 7 8] 

6. 0%&M;fcSt^l*^^a^fcUTV>5 o ^fcAltW6. 0%£jg 

*l*>©£&JI2>ve>> t>f7li^|i^i:lT0A 1*1*2. 3~6. 0|f»%<Z)^ 
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